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A INFLUENZA PANDEMICS
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Influenza A viruses are important pathogens with a wide host range. The available evidence indicates that they originate from a large virus pool indigenous to wild aquatic birds 
(Webster et al., 1992; Olsen et al., 2006). Since the host barriers are not an insurmountable obstacle for the avian viruses, they can be transmitted to other species, including 
man. Most of the transmissions are transient. On rare occasions, however, the viruses may undergo human adaptation. Such a virus may then give rise to a pandemic, as has 
been the case in 1918, 1957, 1968, and 2009 (Figure A adapted from Klenk et al., 2011 and Sorrel et al., 2011).
Interspecies transmission and adaptation to a new host is facilitated by the high genetic flexibility of influenza A viruses. Their genome consists of eight RNA segments, 
each one encoding 1–3 structural and non-structural proteins (Figure B). They include the hemagglutinin (HA) and the neuraminidase (NA) comprising 18 (H1–H18) and 10 
(N1–N10) subtypes, respectively, as well as the polymerase complex and the non-structural NS1 protein. HA is the major envelope glycoprotein that initiates infection by bind-
ing to sialic acid-containing cell receptors (Figure C) and by inducing membrane fusion. The viral polymerase that is composed of the subunits PB1, PB2, and PA mediates 
transcription and replication of the viral genome. NS1 is an interferon antagonist. In addition to the gene products shown in Figure B, several non-essential proteins have been 
described (Shaw and Palese, 2013). The segmentation of the viral genome allows exchange of gene segments between different viruses upon co-infection (gene reassort-
ment), and due to the infidelity of polymerase, there is a high mutation rate.
Influenza virus replication depends on the biosynthetic machinery of the cell and is under the control of the defense mechanisms developed by the host against infec-
tion (Shaw and Palese, 2013). Host specificity is therefore a result of the interaction of numerous host factors with all viral proteins, among which, however, the polymerase 
complex, HA, and NS1 appear to play particularly prominent roles. These proteins harbor several important adaptive mutations including mutations changing specificity of HA 
for sialyl-a2,3-galactose receptors in birds to sialyl-a2,6-galactose receptors in humans (Taubenberger and Kash, 2010; Klenk et al., 2011) (Figure C). Some of these adaptive 
mutations mediate airborne transmissibility, an essential trait of a pandemic virus (Sorrell et al., 2011). Intermediate hosts play an important role in the adaptation process. 
Circulation of avian viruses in pigs and possibly in domestic gallinaceous birds may facilitate acquisition of adaptive mutations and thus promote transmission to humans. In 
addition, the pig may serve as a mixing vessel in which both avian and mammalian viruses reassort to give rise to a new mammalian virus (Scholtissek, 1995).
By these mechanisms, viruses with new surface glycoproteins and therefore a distinct change in antigenicity may be generated. If a new virus with such an antigenic shift 
occurs in man, it may cause a pandemic. Epidemic viruses are derived from pandemic viruses by antigenic drift—gradual, minor antigenic changes caused by point mutations 
in HA and NA. A new pandemic virus usually drives the contemporary seasonal virus down to extinction, as happened in 1957, 1968, and 2009, but sometimes pandemic and 
seasonal viruses continue to co-circulate over extended periods of time, as is the case since 1977. It has been estimated that there have been at least 14 pandemics in the last 
500 years (Taubenberger and Kash, 2010), of which, however, only the five most recent are well documented (Figure A). The Spanish influenza (H1N1) was the most devastat-
ing one, taking the lives of about 50 million people worldwide. Contrary to its name, it presumably emerged in the United States in the spring of 1918 and within a year swept 
around the globe in three waves. The virus has been reconstituted from archival patient samples (Tumpey et al., 2005), but its ancestors are unknown. It has been proposed 
that the virus either arose by reassortment of an avian and a mammalian virus or that it was derived from an avian virus by gradual adaptation to the human host without reas-
sortment. After 1918 the H1N1 virus caused seasonal epidemics until 1957, when the H2N2 virus of the Asian pandemic emerged in Southern China. This virus was derived 
from the seasonal H1N1 virus that had acquired HA, NA, and PB1 gene segments from an avian H2N2 virus by reassortment (Kilbourne, 2006). With ~1 million deaths, the 
H2N2 pandemic virus was significantly less pathogenic than the 1918 virus. The H2N2 virus circulated in the human population until 1968, when the H3N2 virus of the Hong 
Kong pandemic emerged. The H3N2 virus was again the result of gene reassortment between the previous H2N2 virus and avian viruses providing the HA and PB1 genes (Kil-
bourne, 2006). In terms of mortality, the Hong Kong pandemic resembled the previous one. In 1977 an H1N1 virus closely resembling isolates in the 1950s re-emerged from an 
unknown source at the Russian-Chinese border (Kilbourne, 2006). This virus co-circulated until 2009 with the H3N2 virus. The H1N1 virus of the 2009 pandemic was derived 
from a swine virus containing the NA and M genes of the Eurasian avian-like H1N1 virus lineage that emerged around 1980 in pigs and the other gene segment of a “triple reas-
sortant” swine virus (Neumann et al., 2009). The “triple reassortant” emerged in the late 1990s in North American pigs and contained PB2 and PA of an avian virus, PB1 and 
NA of human H3N2 virus, and the other four genes of “classical” swine virus related to the 1918 H1N1 pandemic virus. Seasonal H1N1 viruses derived from the 2009 pandemic 
virus are now co-circulating with H3N2 viruses.
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